Phytochemical investigation of Villaria odorata, a Philippine endemic Rubiaceae species, led to the identification of three iridoids, morindolide (1), hydrophylinA (2), hydrophylin B (3) and a norsesquiterpenoid, vomifoliol (4). This is the first report of compounds 1-4 from the genus Villaria. These classes of compounds proved to be important chemotaxonomic markers in the Rubiaceae family in combination with morphology and molecular data.
Villaria Rolfe, an endemic Rubiaceae genus distributed mainly in coastal areas of the Philippines, belongs to the tribe Hypobathreae [1] . Six Philippine endemic Villaria species, namely V. acutifolia, V. fasciculiflora, V. glomerata, V. leyetensis, V. odorata and V. uniflora, are either shrubs or small trees [2] . β-Sitosterol, 4-hydroxybenzaldehyde and an alkenoyloxyalkenol derivative (villarinol) have been previously reported from V. odorata [3] .
In our continuing studies of the phytochemistry of endemic Philippine Rubiaceae species [4] , we have embarked on the isolation of constituents from the leaves of Villaria odorata (Blanco) Merr. We herein report the isolation and identification of three iridoids, morindolide (1) [5] , hydrophylin A (2) [6] , hydrophylin B (3) [6] and a norsesquiterpenoid, vomifoliol (4) [7] . The structures were elucidated based on 1D and 2D NMR, MS and by comparison with literature data. All the compounds are new records for the genus Villaria. This is the first report of the isolation of vomifoliol (4) from the subfamily Ixoroideae of Rubiaceae. Although 4 was isolated from other plant families, it is noteworthy that from Rubiaceae, it was previously reported only in subfamilies Cinchonoideae (Ochreinauclea maingayii) [8] and mostly in Rubioideae, such as Hedyotis corymbosa [9] , Palicourea alpine [10] , Psychotria gitingensis [4] , Psychotria yunnanensis [11] and Morinda citrifolia [12] . Interestingly, the iridoid morindolide (1) was firstly isolated from Morinda officinalis [5] and Galium verum [13] . Both species belong to the subfamily Rubioideae. However, this iridoid was also reported in Catunaregam spinosa [14] and now in this study. The Gardenieae, in the tribe Catunaregam, was provisionally placed close to Octotropideae sensu [15] . Our findings further strengthen the close relation of the two tribes. On the other hand, hydrophylin A (2) and hydrophylin B (3) were isolated from Scyphiphora hydrophyllacea [6] , a Rubiaceae mangrove plant. Both Scyphiphora and Villaria are members of the subfamily Ixoroideae. It seems that these iridoids are exclusive to this subfamily so far.
Based on plastid markers (trnL-F and rps16) [1] , genetic variation between Villaria odorata and V. glomerata yielded 0% and 0.13%, respectively. Sequence divergence is higher when V. odorata is compared with Scyphiphora hydrophyllacea (3.53% and 3.9%, respectively) and Catunaregam spinosa (1.7% and 2.7%, respectively), all of which belong to subfamily Ixoroideae. This genetic data support the close relationship between Villaria and Catunaregam, corroborated by possessing the iridoid morindolide (1) . Comparing the sequence divergence of V. odorata with other species belonging to subfamilies Cinchonoideae and Rubioideae would obviously yield 5% or more.
The diversity of Rubiaceae species from which the iridoids are being isolated strengthens the proposition of Inouye et al. [16] that this class of compounds is useful as chemotaxonomic markers in combination with morphology and molecular markers in this complex family.
Previously, we have shown that vomifoliol was moderately active against Klebsiella oxytoca [4] . It was also reported to play an important role as an endogenous regulator of the stomatal aperture [17] .
Experimental
General: 1 H and 13 C NMR spectra were recorded on either a JEOL JNM ECP 400 or JEOL JNM ECP 600 spectrometer. HRESI-MS were recorded on a Thermo Fischer Scientific Exactive spectrometer. Silica gel (Merck 7734 for gravity CC or Merck 9385 for flash CC) was used for column chromatography. 
Extraction and isolation:
Air-dried and ground leaves of V. odorata (1.18 kg) were soaked thrice with a total of 7.6 L distilled MeOH at room temperature and filtered. The combined filtrates were concentrated under reduced pressure to obtain the crude extract (70 g). This was suspended in water and partitioned sequentially with n-hexane (3 x 100 mL), CH 2 Cl 2 (4 x 100 mL) and n-BuOH (3 x 50 mL) to afford the semi-crude extracts. The CH 2 Cl 2 extract was subjected to silica gel gravity CC using a gradient of CH 2 Cl 2 /MeOH (neat CH 2 Cl 2 , 9:1, 8:2, 1:1, neat MeOH) to yield 4 pooled sub-fractions (V A , 139.8 mg; V B , 84.8 mg; V C , 307.3 mg; V D , 374 mg). Fraction V A was subjected to silica gel gravity CC to give fractions V A 1-V A 3. Fraction V A 1 was re-chromatographed using silica gel flash CC (90% EtOAc in n-hexane) to afford compound 1 (10 mg, colorless oil). Purification of fraction V C using silica gel gravity CC (30% CHCl 3 in EtOAc) afforded compound 2 (15 mg, colorless oil) and sub-fractions V C 1-V C 5. Silica gel flash CC (2% CHCl 3 in EtOAc) of fraction V C 5 gave compound 4 (6.5 mg, colorless oil). Fraction V D was subjected to silica gel gravity CC using a gradient of CHCl 3 /MeOH (neat CHCl 3 , 9.5:0.5, 9:1, 8:2, 7:3) to obtain sub-fractions V D 1-V D 4. Fraction V D 1 was rechromatographed using silica gel flash CC (5% MeOH in EtOAc) to afford compound 2 (5 mg, colorless oil) and compound 3 (8 mg, colorless oil).
